Small molecular solar cell becomes more stable when a thin tris-(8-hydroxyquinoline) aluminum (Alq 3 ) buffer layer instead of bathocuproine (BCP) is inserted between the active layer and electrode. In this work, we introduce a single layer device (ITO / Alq 3 / Au) exposure to air to investigate the role of Alq 3 in organic solar cells. The large PL intensity and undetectable Raman peaks of 8-hydroxyquinoline (8-Hq), a degradation product of Alq 3 through chemical reaction, indicate that the degradation of Alq 3 is not severe even after a few hundred hours exposure. Thus the Alq 3 buffer layer gives a good protection of the active layers against oxygen\water permeation comparing with BCP. However, the small quantity of degraded Alq 3 products can enhance the current density (after 15 h) in single layer Alq 3 device, which is reflected in the decrease of parallel resistance R p . Therefore, due to the enhanced charge transport and the long term better protection from ambient oxygen/water, the lifetime of small molecular solar cell with Alq 3 buffer layer is improved.
Introduction:
Organic photovoltaic devices have gained a considerable interest in the last few years due to their potential advantages of light weight, flexibility, and low-cost [1] . From the first breakthrough by Tang [2] in 1986, different materials and structures have been designed to improve the power conversion efficiency (η) and the stability of organic solar cells. The reported efficiency has increased considerably from 1% [2] to more than 5.5% [3] for small molecules heterojunction devices recently. The improvements was realized by Peumans and Forrest [4] through the introduction of a buffer layer-a bathocuproine (BCP) thin film, which was placed between C 60 and cathode in copper phthalocyanine (CuPc) / fullerene (C 60 ) cells. However, BCP-based cells are instable due to the rapid crystallization of BCP [4] , especially in the presence of moisture. Then a new buffer material tris-(8-hydroxyquinoline) aluminum (Alq 3 ) is introduced to improve the stability [5, 6] . The improvements by Alq 3 are attributed to the more effective blocking of cathode diffusion than BCP, and a stronger oxygen blocking effect to protect C 60 , comparing with that of BCP. However, the effects of the degradation of Alq 3 itself have not been considered in organic solar cells, though Alq 3 and its degradation have been widely investigated in organic light emitting diodes (OLEDs) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Since Alq 3 acts as a buffer layer for solar cells, it is important to understand the charge transport mechanism and the recombination process in Alq 3 films. Therefore we design single Alq 3 layer devices for our discussion. Gold cathode instead of Al is used to reduce the Al 2 O 3 effect. Electronic impedance, which is widely used to study carrier injection, charge transport and recombination processes in OLEDs [19] [20] [21] [22] [23] , is adopted here for studying single-layer Alq 3 devices. In this work, we focus on the evolution of device exposure in air to investigate its effects on the efficiency and lifetime of Alq 3 -based solar cells. The device is characterized by frequency-dependent impedance spectroscopy, current-voltage characteristics, Raman and the evolution of photoluminescence as well. 
Experiment

Results and discussion
The degradation of Alq 3 (60 nm on quartz) happens all the time demonstrated by its photoluminescence (PL) intensity in Fig. 1 . The inset shows the normalized PL peak intensity versus time. In the first 15 hours, the intensity decays less than 2%; and after 48 hours, the PL intensity decreases to 94% of its original value; after 300 hours, the PL intensity remains about 65% of the one before exposure. It has been found that no PL can be detected even only 2% of polymer III (chemical structure shown in Fig. 6 , which is believed to be the degradation product of Alq 3 ) added into Alq 3 [24] . The large PL of our device after a few hundred hours exposure in air means that the degradation of Alq 3 is not severe and the protection of active layer against oxidation and hydrolysis is good when Alq 3 is applied as a buffer layer between active layer and cathode. Illuminated by the obvious effects of these small quantities of degradation product of . Hence, the device has a large enhancement of charge transport after it has been exposed to air for certain hours (longer than 15 hours). Obviously, the increase of the current can be attributed to either the contact resistance or the change of Alq 3 film itself due to degradation. In order to find out which factor is more important, we characterize the device by impedance spectroscopy during its degradation. The complex impedance of our device can be expressed in terms of the real and imaginary components ' Z and " Z :
where|| Z and are the magnitude and the phase of the impedance, respectively. We employ an equivalent circuit model of our device shown in the inset of Fig. 4 (a) to fit the impedance data. The circuit consists of a series resistance R s , a parallel resistance R p and a parallel capacitance C p . Then, the complex impedance Z can be written as '" 11
where is a characteristic time constant given by pp RC . would be improved in organic solar cells. This process would slow down the decrease of efficiency and lengthen the lifetime finally. We find that the reduced current and the corresponding R p in the first 15 hours take negative effect for the electron transport. However, because of the existence of Alq 3 , the active layer is well protected and the "negative effect" mentioned above is weaken, thus a number of generated electrons can transport to the cathode freely. In order to explain the above mentioned experimental results, the degradation of Alq 3 due to chemical reaction with two crucial processes [24, 29, 30] are taken into account,
including (1) 
Conclusion
The 
